Energy utilization efficiency depends on different factor of cropping systems such as physiochemical properties of soil, land preparing operation, plant protection, fertilizer application, threshing, harvesting operation and grain and straw yield. India is developing county and rice crops are one of the most energy intensive crop and its major component are irrigation, land development (tillage), FYM (Farmyard manure) and fertilizers. The importance of Mechanization in cultivation system involves higher input cost but at the same time, it can reduce operation cost of cultivation, increases grain yield and can reduce operational time. Cost of cultivation of rice in different treatment was calculated by adding the cost of all input parameter such as seeds, fertilizers, pesticides, fuel, and labourer. Grain output was observed considerably higher in mechanized transplanting seedling compare to direct sowing. Direct sowing and zero till mechanical transplanting methods produced the low grain yield because of poor crop growth as compare to transplanting seedling of rice in a standing water table. The grain yield in mechanical transplanting varied from 29.5 to 32.6 q/h where as in direct sowing treatment 31.2 to 32.1 q/ha. Kumar et al.; CJAST, 32(6): 1-8, 2019; Article no.CJAST.47110 2
INTRODUCTION
The cost of energy in agriculture have increased day by day and it is one of the most important input parameter in the practice of crop cultivation and it is required at each step of crop production from initial phase (tillage) to final (harvesting). In each operation of crop production there is application of input that depends on energy base fossil fuel (mechanical machinery) consumption which emits carbon-di-oxide and other greenhouse gases. Energy utilization efficiency depends on different factor of cropping systems such as physiochemical properties of soil, land preparing operation, plant protection, fertilizer application, harvesting, threshing operation and grain and straw yield [1] . India is developing county and here the rate of energy consumption is rising day by day with the involvement of new technology in the field of agriculture [2] . However, there are advantages of the use of new technology and machineries in agriculture that can reduce the energy need by 18-83% in tillage operation with different cultivation system [3] .
Rice crops is one of the most energy intensive crop and its major component are irrigation, land development (tillage), FYM (Farmyard manure) and fertilizers. In India per capita energy availability is 1.84 kW/ha (Department of agriculture cooperation and farmers welfare) and in Haryana is 2 kw/ha. Therefore, there is a need to classify energy-efficient rice cultivation system, [4] . The cost of cultivation is equally important for developing county like India where resources are limited and farmers are poor. Initial cost input for rice cultivation is higher and its output from rice cultivation is a major concern among the rice cultivators [5] . The importance of Mechanization in cultivation system involves higher input cost but at the same time it can reduces operation cost of cultivation, increase in grain yield and can reduce operational time [6] . Therefore, there is a need to analyse an efficient rice cultivation system in terms of benefit cost ratio. The present study was taken on rice cultivation with the objective to analyse economics and energy efficiency in the state of Haryana. Experimental plan was conducted for analysis of yield for different rice cultivation practices. Seven treatment was selected as described in Table 1 . These systems involved direct sowing rice (vattar) (T 1 ), Zero till-direct sowing rice without residues (T 2 ), Zero till-direct seeded rice with residues/Sesbania (T 3 ), Zero till-mechanical transplanting (T 4 ), Unpuddle-mechanical transplanting (T 5 ), Puddle-mechanical transplanting (T 6 ) and Puddle-manual transplanting (T 7 ).
METHODOLOGY

Experimantal Site
The University is situated 30 km away from Kurukshetra city at latitude 29˚51' N, longitude 76˚41' E and altitude 241 meters above mean sea level. The field was selected for the study and it was uniform fertile. A composite soil sample from 0-30 cm soil depth was taken randomly at three places from the field before layout of experiment. The sample were mixed thoroughly, dried and were subjected to mechanical and chemical analysis. The physiochemical analysis of the soil is presented in Table 2 . 
Experimental Management Practices
Seven different experimental management practices were followed and different inputs were used in seven rice cultivation systems which are summarized in Table 1 . Plot size for each treatment was 46.75 m 2 . In Direct sowing rice land was prepared with single Mould Board Plough, one harrow, planking (with cultivator) operation were operated 10-15 days before sowing and seed was sown by seed drill. In T 2 treatment the seeds were sown with drill directly in the soil without any tillage operation. This treatment is zero till drill but in this treatment field was selected with no residue. In T 3 treatment which was similar to the T 2 treatment but the field was selected with residue for conserving moisture. In T 4 to T 7 treatments were done in standing water field and seedlings were grown for this treatment and transplanted into the field. For conventional and mechanized transplanting average 25 day-old seedlings with two to three seedlings per hill were transplanted at a spacing of 20 × 15 cm and 24 × 15 cm, respectively. Seedlings were grown on raised bed of 1 × 8 m area and 10 cm height. The seedbeds were sprinkled with water manually at regular interval. Taking care with transplanting seedlings, it was transplanted within 30 minutes after uprooting them from the nursery to avoid wilting and reduce transplanting shock. Transplanting in mechanized system was done by using 8-row self-propelled paddy transplanter.
In T 4 treatment no tillage operation was carried out and seedlings were transplanted with mechanical transplanter. And tillage operation is carried out in T 5 . T 6 and T 7 treatments. Seedlings were transplanted mechanically in T 5 and T 6 treatment and manual transplanting was done in T 7 treatment.
Energy Balance
Energy balance was calculated using the different equivalents of cultivation practices and outputs. Energy equivalents of the machines which was commonly available [7] in India (Table  3) . 
Economic Analysis
Cost of cultivation of rice in different treatment was calculated by adding the cost of all input parameter such as seeds, fertilizers, pesticides, fuel, labourers, etc. and cost of operation machinery [4] . Costs of fertilizers, FYM, seeds and pesticides were calculated on the basis of the available market price in the corresponding years. Manual cost was used to estimate on the basis of available rate on the Government of India (Ministry of Labour and Employment). The cost of operation of the machinery was computed on hourly basis after including the cost of machine, depreciation of the machine, machine Life and rate of interest. Available fuel rates (petrol and diesel) were obtained from the locally available petrol pump. Gross returns were calculated on the basis of support price, price of rice announced by Government of India for kharif season of 2011.
Net returns (Rs/ha) were worked out by subtracting the total cost of cultivation of each treatment from the gross income of respective treatment. Benefit: Cost (B:C) ratio was calculated to ascertain economic viability of the treatment by using the following formula:
Net return = (Product cost + Byproduct cost) -Input cost
Benefit-cost ratio =Total output cost/Total Input cost
RESULTS AND DISCUSSION
Energy Input
Energy required for cultivation of the crop in seven cultivation systems are presented in Table  5 . Significantly high amount of energy required in Haryana for irrigation which was 30 Rs/hr. Land preparation consumed 1468 Rs/ha for flat land without standing water table whereas 3033 Rs/ha for standing water table field. Consumption of considerably more energy for fertilizers and manure than that of other cultural systems [8, 6, 9, 10] .
The cost analysis of different establishment methods were analyzed and given in Tillage operations used great amount of energy for land preparation. The energy requirement was negligible in zero till systems for tillage operation, which were major advantages over the conventional tillage. Direct sowing (Rs 16491) and manual transplanting of seedling (Rs 25388) kind of treatment required higher energy input than compare to zero till treatment (Rs 14974) because it used energy for tillage, transplanting, and manpower to rise mat-type seedlings. On comparing other side direct sowing can reduced the energy input as compared to mechanical transplanting because there was no need to raise seedling. Land preparation, transplanting or sowing, harvesting, fertilizer, and FYM applications together accounted for great amount of energy input.
Crop Performance under Different Methods of Rice Establishment
The plant height under different methods of rice establishment was given in Fig 1 
Crop Yield under Different Methods of Rice Establishment
The effect of various treatments on crop yield was days to crop maturity, number of grain in a panicle, panicle length, number tillers/m 2 , straw and crop yield (grain) were recorded at time of crop harvesting and results are reported in Table  5 . the plant height at crop maturity in mechanical transplanting varied from 121.8 to 126.5 cm whereas in direct sowing the plant height at crop maturity was in the range 121 to 123.5 cm and Grain output was also considerably higher in mechanized transplanting seedling compare to direct sowing. Direct sowing and zero till mechanical transplanting methods produced the low grain yield because of poor crop growth. Low productivity was observed in zero till mechanized transplanting the reason may be due to missing hills of the seedlings while transplanting with the machine or soil bed not prepared well in standing water. Further, production of straw or biomass was more in zero till direct sowing treatment with stubble leading to a higher straw production compare to other cultivation treatment. The grain yield in mechanical transplanting varied from 29.5 to 32.6 q/h where as in direct sowing treatment 31.2 to 32.1 q/ha. The maximum production kg/ha per hectare was from under treatment T 6 followed by T 7 and minimum was under treatment T 4 .The gross return (69578 Rs/ha) was maximum under treatment T 6 followed by T 5 and T 2 and minimum was under treatment T 4 .Net return (Rs. 63367/ha) was maximum under treatment T 3 followed by T 2 . The benefit cost ratio was maximum (1.3) under treatment T 2 whereas in other treatment it varied from 1.27 to 1.30.
